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TECHNIQUE

Rapid methods for population-scale analysis for
gene polymorphisms: the ACE gene as an

example

S D O'Dell, S E Humphries, I N M Day

Abstract
Objective-To obtain rapid, high
throughput genotyping of the angiotensin
converting enzyme (ACE) gene intron 16
insertion/deletion polymorphism.
Methods-DNA was obtained from whole
blood samples by a simple' liquid phase
methanol extraction procedure. The
ACE gene was amplified by the poly-
merase chain reaction (PCR) using two
oligonucleotide primers (ACEI and
ACE3) outside the insertion sequence
and one primer (ACE2) inside the
sequence. Microtitre array diagonal gel
electrophoresis (MADGE) was used to
determine genotypes.
Results-84 and 65 bp PCR products
indicating the presence of deletion (D)
and insertion (I) alleles, respectively,
were clearly resolved after electrophore-
sis on a 7 5% polyacrylamide gel. Up to
480 DNA samples on 5 gels could be
genotyped in a single electrophoresis run,
or up to 1000 samples in a working day.
Conclusions-A simplified DNA extrac-
tion protocol coupled to the high
throughput capability of the MADGE
electrophoretic system for genotyping
enables analysis of large populations for
association studies ofACE genotype with
cardiac disease events.
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Angiotensin converting enzyme (ACE) func-
tions to convert angiotensin I to vasoactive
angiotensin II and to inactivate the vasodila-
tor bradykinin. The enzyme is predominantly
located on capillary endothelial cells, but
ACE activity is also detectable in serum. The
biological role for ACE suggests that the ACE
gene could be a candidate in predisposition to
cardiovascular disease because the renin-
angiotensin system is involved in the systemic
control of fluid volume and blood pressure,
induction of smooth muscle cell proliferation,
and stimulation of myocardial cell hypertro-
phy. Plasma ACE concentrations are very sta-
ble within the individual, but there are large
inter-individual differences, and studies have

shown that approximately 50% of the vari-
ability of plasma ACE between individuals is
the result of an insertion/deletion polymor-
phism in intron 16 of the ACE gene' 2; the
insertion (I) and deletion (D) alleles being the
result of the presence or absence respectively
of a 287 bp Alu sequence.3 Possession of the
ACE gene polymorphic marker D has been
shown to be a risk factor for coronary artery
disease. Individuals homozygous for the dele-
tion allele (about 35% of the population) have
plasma ACE concentrations about 60%
higher than individuals homozygous for the
insertion allele. In a recent large myocardial
infarction (MI) case control study from
Europe the frequency of the deletion allele
was found to be significantly higher in
patients with MI than in controls (0-58 v
0 54).4 When the MI cases were further
divided into those with or without conven-
tional cardiovascular risk factors (such as
raised apoB or obesity), the frequency of the
deletion allele was significantly higher in those
without conventional risk factors than in the
others (odds ratio of 3-2 v 1 1). Recently a
synergistic effect between an angiotensin II
type 1 receptor gene (AGTLR) polymorphism
and the ACE genotype has been reported.5
Individuals homozygous for the rare AGT,R
allele (9% of the population) who are also
ACE DD have about a 4-fold higher risk of
MI, and the effect is greatest in those with
low body mass index and apoB (relative risk
13-3). Thus the ACE and AGTIR gene poly-
morphisms in combination seem to be a novel
and powerful genetic risk factor for coronary
artery disease (CAD) and may be having a
large impact in patients considered to be at
low risk according to conventional criteria.

Rigat et al developed a rapid assay based on
the polymerase chain reaction (PCR) for
identifying ACE genotypes, involving amplifi-
cation of genomic DNA using paired primers
flanking the insertion sequence, which allows
discrimination of the three ACE genotypes-
II, ID, and DD.3 We have used the method
described by Evans et al, which yields much
shorter fragments corresponding to the I and
D alleles and we have resolved these on a
7-5% polyacrylamide gel.6 We describe a
rapid approach to genotyping the ID poly-
morphism using a protocol in which DNA is
amplified after simple methanol extraction
from whole blood (O'Dell et al, unpublished).
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PCR amplifiedfragments
electrophoresed on a 7 5%
polyacrylamide MADGE
gel and stained with
ethidium bromide. Each
track contains 3 57 pl of
the product ofa 20 pl PCR
reaction. The three ACE
genotypes are shown. (A)
Enlarged section ofgel
overlaid with grid.
Coordinates shown in
mirror image because of
face-down orientation on
platen of transilluminator.
The longerfragment
(84 bp) corresponds to the
deletion allele (D), and the
shortfragment (65 bp) to
the insertion allele (I),
annotated in row D. (B)
Halfof a MADGE gel
(48 samples). The faint
faster migrating band
represents unincorporated
oligonucleotide.

Direction of
electrophoresis

-4 - Al well

4- Genomic DNA
and heteroduplexes

DD ID II

84bp D 65bp
fragment Fragment

After PCR, products are analysed by the
microtitre array diagonal gel electrophoresis
(MADGE) system which we have recently
described78 and which enables convenient
genotyping by electrophoresis of thousands of
products.

Methods
In our DNA extraction method, blood anti-
coagulated with 5 mM potassium EDTA and

stored in 500 ,ul aliquots frozen at - 20°C
was thawed and 50 pl added to 50 pl metha-
nol in the deep wells of a Beckman titre plate
(No. 267001, Beckman, High Wycombe),
and evaporated to dryness using a hot air
dryer (Elton Sales, Hemel Hempstead) at a
temperature not exceeding 55°C. 100 ,ul ster-
ile distilled water was then added. The plate
was then covered with its flexible plastic lid
and the samples heated in a 1 00°C water
bath for 25 minutes. The aqueous DNA
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extract was withdrawn with a multichannel
pipette and 4 ,u1 aliquots transferred to a 96
well Omniplate (Hybaid, Teddington). The
extracts were then dried at room temperature
before use in the PCR reaction.
The sequences of the PCR primers used

were as described by Evans et a16 and the
primer ratios correspond to the 50 pmol
ACE1 and 3 and 15 pmol ACE2 used by
them in a 50 ,ul reaction, giving amplification
products of 84 bp for allele ACE D and 65
bp for allele ACE I. Our amplification condi-
tions were as follows: 1 cycle 95°C 5 min.; 40
cycles 95°C 1 min, 50°C 1 min, 72°C 5 min.
20,ul PCR reactions contained 50 mM KCI,
10 mM Tris HCI pH 8-3, 1P5 mM MgCl,,
0-01 mg/ml gelatin, 200 pM each dNTP, 0-2
units Taq polymerase (Gibco BRL, Paisley),
and 8 pmol of primers ACEI and ACE3,
outside the insertion (Alu) sequence, and 2-4
pmol of primer ACE2, inside the insertion
sequence. Reactions were overlaid with 20 pl
mineral oil. All 96 wells were always filled
with reagents (mix or dummy reagents) to
ensure a constant thermal mass on the block.
Shanmugam et a19 reported some mis-

typing of ACE genotypes when they used the
method of Rigat et a12 and several DD geno-
types among offspring of an II parent subse-
quently amplified as ID. On other occasions
ID genotypes amplified as DD. They con-
cluded that amplification of the larger I allele
is sometimes suppressed in an ID heterozy-
gote so it can be mistyped as DD. In our use
of conditions described by Evans et al,6 we
were concerned that the larger PCR product
from the D allele was suppressed in the pres-
ence of the I allele in our samples, so that the
ID genotype appeared as II. This possibility
was suggested by the fainter D band com-
pared with the I band that appeared in ID
genotypes. To confirm the accuracy of our
genotyping, replica microtitre plates were set
up using the primer pair ACE1 and ACE3,
both at 8 pmol per 20 p1 PCR reaction, in
order to confirm the presence of the D allele.

Amplification products were visualised
using 7-5% polyacrylamide microtitre array
diagonal gel electrophoresis (MADGE)
gels,78 (figure). Briefly, these are open faced
horizontal polyacrylamide gels attached to a
glass support (genetiX, Wimborne). The
wells preserve the exact configuration and
dimensions of 96 well microtitre plates but
are arranged diagonally relative to the elec-
trodes so that 26-5 mm gel tracks are avail-
able, each track representing the main
diagonal across a 2 x 4 rectangle of wells. To
load, each gel was immersed horizontally in
the electrophoresis tank. Using a multi-
channel pipette, 5 pl PCR product was mixed
with 2 pl xylene cyanol/bromophenol blue
loading buffer,'0 and 5 1l of this volume (con-
taining 3-57 p1 PCR product) was loaded into
the MADGE gel wells. Electrophoresis was at
150 V (10 V/cm) for 45 minutes, which
allowed the 84 and 65 bp bands to be
resolved clearly. The unincorporated oligo-
nucleotide smear migrated well ahead of the
products. A set of MADGE gels were stacked

directly on top of each other in one tank, run-
ning in the samples on one gel for a few
minutes before sliding in the next gel horizon-
tally. Up to 480 samples on 5 gels were elec-
trophoresed in a typical small electrophoresis
tank in this way, and once established, it was
possible for one worker conveniently to
undertake analysis from arrays representing
nearly 1000 samples in one day.

Results
DNA was detected by placing the gel gel-side
down on the transilluminator, because little
ultraviolet light would pass through the glass
to which the gel was attached. The fluores-
cent bands were viewed through the glass.
The most cathodal well corresponds to well
Al of a microtitre plate. For photography, a
transparency of a microtitre grid was overlaid
on the glass plate, with letters and numbers
orientated to identify the bands, and with the
lines of the grid arranged to assist identifica-
tion of the patterns. The figure shows that the
84 bp D allele amplification product and the
65 bp I allele product were clearly resolved.
The check for D allele presence using paired
primers ACEI and ACE3 showed that
approximately 1 to 3 samples on a plate of
96 had been mistyped using the 3 oligo-
nucleotide PCR6 as implemented in this
laboratory.

Discussion
The PCR is widely used in diagnostic
research and whole blood is one of the most
readily available samples in clinical investiga-
tion. Commonly the DNA in PCR assays is
extracted and purified according to one of
several complex multistep processes" 12 which
are not compatible with high throughput
diagnostic or epidemiological research pro-
grammes. We used an efficient method to
amplify DNA after simple methanol extrac-
tion from whole blood. Methanol is routinely
used in the extraction of DNA from dried
Guthrie blood spots," but our method uses
liquid phase manipulation which is more con-
venient in high throughput diagnostic geno-
typing. Furthermnore the extract can be dried
in microtitre arrays and stored for several
weeks before use in PCR assays.

Electrophoresis of DNA has usually been
performed in either an agarose or acrylamide
gel'014 with acrylamide offering the highest
resolution for smaller fragments such as those
from PCR (typical size range 50-500 bp).
Acrylamide does not polymerise in the pres-
ence of air and hitherto the configurations for
gel preparation have led to electrophoresis in
the vertical dimension. The MADGE device
allows preparation and manipulation of hori-
zontal acrylamide gels, with the open-faced
format allowing loading of arrays of wells
which preserves the configuration and dimen-
sions of the 96-well microtitre plates routinely
used in PCR procedures. The MADGE sys-
tem readily enables pattern recognition
analysis of mobility differences of > 10% for
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fragments in the 50-500 bp range. As well as
ACE gene polymorphism genotyping, the sys-
tem could also be applied to analysis of other
genetic factors involved in cardiovascular dis-
ease. MADGE methods are also applicable to
determining AGT1R genotype, for example
by allele specific oligonucleotides or by allele-
specific amplification techniques.

Conclusion
A rapid DNA extraction procedure together
with the high throughput capability of the
MADGE system for genotyping by electro-
phoresis has enabled the accurate genotyping
by a single worker of 1000 DNA samples in a
day. The speed with which these results can
be routinely obtained makes it feasible to
undertake large scale population studies to
test for association between candidate genetic
variation and cardiac disease.
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